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Abstract
Many biological objects are barely distinguished with the brightfield microscope because they appear transparent, translucent and
colourless. One simple way to make such specimens visible without compromising contrast and resolution is by controlling the
amount and the directionality of the illumination light. Oblique illumination is an old technique described by many scientists
and microscopists that however has been largely neglected in favour of other alternative methods. Oblique lighting is created by
illuminating the sample by only a portion of the light coming from the condenser. If properly used it can improve the resolution
and contrast of transparent specimens such as diatoms. In this paper a quantitative evaluation of OL in brigthfield microscopy is
presented. Several feature descriptors were selected for characterising contrast and sharpness showing that in general OL provides
better performance for distinguishing minute details compared to other lighting modalities. Oblique lighting is capable to produce
directionally shadowed differential contrast images allowing to observe phase details in a similar way to differential contrast images
(DIC) but at lower cost. The main advantage of OL is that the resolution of the light microscope can be increased by effectively
doubling the angular aperture. OL appears as a cost-effective technique both for the amateur and professional scientist that can be
used as a replacement of DIC or phase contrast when resources are scarce.
Keywords: Oblique illumination; contrast; feature descriptors; resolution.
1. Introduction
In photography, oblique light (OL) is a technique that allows
to show detail by creating shadows on the surface of the object.
This is one of the reasons most of the photographers prefer to
capture images at sunset or dawn. Side photography allows to
emphasise texture, defining depth and bringing out pattern and
detail. An old debate in microscopy was to elucidate why dif-
ferent illumination techniques will produce different results for
different specimens. In general, it can be shown that oblique
illumination improves the contrast of transparent specimens by
introducing a pseudo-relief effect. Oblique illumination is an
old technique that has been described by many scientists and
microscopists [1–7]. Oblique lighting can be interpreted in the
context of the Abbe’s theory of diffraction that establishes that
the finest details of the specimen are obtained from diffracted
beams that are apart of the axial light [1]. According with the
Abbe’s theory of diffraction, at least two orders of diffraction
are needed to recover the details of the object. With oblique
light the objective lens capture positive diffraction orders from
one side of the specimen and negative from the other side [8].
In practice, oblique illumination is obtained by blocking part of
the condenser’s light through the use of particular patch stops
with different shapes. The main advantage of OL is that the res-
olution of the light microscope can be increased by effectively
doubling the angular aperture. One of the inconveniences of
OL is that it appears to improve resolution in a directional way
depending on the direction of the oblique mask. A simple vari-
ation of OL is produced by inserting an opaque stop with one
or several small apertures or notches on the border of the stop.
This procedure generates few narrow pencils of illumination in
a very oblique way [2]. Both kind of unsymmetrical OL intro-
duce similar strong pseudo-relief effect improving the edges of
the objects. Another way to improve resolution and contrast is
to use an inverted oblique “hollow-cone illumination” or circu-
lar oblique lighting (COL) [9], and because COL is symmetri-
cal it does not produce the strong pseudo-relief found with OL.
In fact, as R. Wayne mentioned in his recent book ”there is no
reason why all microscopes should not be equipped with annu-
lar illumination as a standard feature to maximise the resolving
power” [8]. It is important not to confuse COL with dark field
(DF) illumination which is again a very old technique. In the
latter case (not discussed in this paper), the specimen is illu-
minated with a hollow cone of light which is too wide to en-
ter the objective lens. Once the object is placed on the stage
only the first and higher-order diffracted light will be able to
enter the objective lens [8]. DF can be interpreted as a process
to remove the low-frequency components of the Fourier spec-
trum and therefore will become more effective for improving
the edges or boundaries of the objects and less useful for the
inner texture (except for patterns with high transparent detail).
The main purpose of this paper is to provide a quantitative
account of OL as a simple and efficient variation in brightfield
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microscopy. Improvements in contrast and enhancing details
have been evaluated through the use of texture descriptors and
the quality of the images has been assessed by considering an
ideal observer model. Different oblique filter sets have been
designed and printed out using a 3D printer. Such designs are
provided and they can be easily adapted to different microscope
configurations [10]. This paper is structured as follows. The de-
tails about the materials and the equipment used are described
in section 2. Section 3 reviews the oblique illumination proper-
ties. In section 4 the feature descriptors selected for characteris-
ing contrast and sharpness of the different diatom preparations
analyzed are shown. Section 5 presents a quantitative evalu-
ation study of the oblique illumination technique for different
patch stop filters with different shapes and sizes. Finally, a dis-
cussion an few conclusions are drawn in the last section.
2. Materials and methods
Microscopic identification and counting of diatoms requires
obtaining frustule suspensions free of organic matter. The frus-
tules are the siliceous covering of the diatoms, their shape and
ornamentation is the basis of the taxonomy of these algae. To
empty the cell contents of the diatoms and eliminate other non-
silicified organisms, it is necessary to process the sample to an
intense oxidation by hydrogen peroxide. For the observation
of diatoms under optical microscopy, it is necessary to mount
permanent preparations using a synthetic resin (Naphrax R©) as
a medium, with a refraction index of 1.7. Sample images were
captured using a low cost Brunel SP30 monocular microscope
with standard Brunel DIN parfocal objectives of 60× (0.85 NA)
and 100× (1.25 NA) using LED with different wavelengths
from visible to UV. For white light (λ = 442nm) a Brunel
Digicam LCMOS 5 Mpixel camera was used for image acquisi-
tion (cell size 2.2µm x 2.2µm). The camera is connected to the
computer through an USB2.0 connection, providing an image
size of 2592 × 1944 pixels and the exposure time was 0.25 sec.
For UV light (λ = 365nm), the Imaging Source camera DMK
72 with USB 2.0 was used. The DMK 72 is a monochrome
5Mpixel camera that has good sensitivity for 365nm. Both cam-
eras meet the resolution limit of the corresponding objectives
for the wavelengths used. Concerning the appropriateness of
the microscope optics with UV light, the fewer glass compo-
nents the better. Flat field objectives are not suitable for UV due
to the high absorption. Glass slides and coverslips produce mi-
nor losses [28]. A centering telescope (CT) eyepiece (Bertrand
lens) was used for visualising the different diffraction spectra
at the back focal plane of the objective lens. Results reported
in Figures 6 and 7 were obtained with a cooled Hamamatsu
C9100-02 camera (CCD chip 1000x1000 pixel with 8µm x 8µm
cell size) attached to a Leica AF6000LX multidimensional mi-
croscope with an objective lens PL APO 40x0.75 DRY. The
radius of the Airy disk produced by such objective consider-
ing the Rayleigh criterion is about 14µm what does not meet
the Nyquist sampling theorem that requires two pixels per unit
resolution distance (i.e. 16µm). However such camera provides
excellent sampling for 100x 1.3 NA which turns to be very suit-
able for fluorescence applications. The Leica microscope was
used because it was the only available equipment that provides
all microscopic modalities described in section 5.
3. Oblique illumination in the context of diffraction theory
When a transparent biological specimen is observed un-
der a standard microscope brightfield illumination, light is re-
tarded λ/4 (λ=wavelength) with respect to the undeviated light.
Therefore, there are details that are invisible in brightfield mi-
croscopy. By illuminating the specimen with oblique light a
displacement in the diffraction orders is observed allowing the
objective lens to capture the zero order at one side and few
of the higher orders that are not captured when axial light is
used. In oblique (or anaxial) illumination the substage con-
denser aperture is unevenly illuminated producing a differential
or shadowcast of increased true resolution. For obtaining such
uneven illumination, Abbe proposed to move the condenser di-
aphragm to one side. In fact, he recommended the use of narrow
axial illuminating pencil of light instead of broad illuminating
beams. This method is capable to produce directionally shad-
owed differential contrast images allowing to observe phase de-
tails in a similar way to differential contrast images (DIC). The
main advantage of this method lies in the fact that the equip-
ment required is cheap, because only a brightfield microscope
is required. Oblique illumination can increase true resolution if
higher order maxima of the specimen’s diffraction pattern are
captured. The way how in the practice oblique illumination is
obtained is e.g. by stopping out a greater portion of the con-
denser’s light by e.g. a crescent moon-shaped plate so the light
is projected very obliquely upon the specimen.
According with Abbe [8, 11], the limit of resolution criterion
of a microscope for axial coherent illumination is dA = λ/NA
where d represents the resolution power, λ the wavelength and
NA the numerical aperture. From his experiments with grat-
ings, Abbe concluded that it would be necessary to capture
the first order diffracted rays at least for resolving grating de-
tails. With the development of more advanced substage con-
densers, oblique illumination was progressively abandoned by
microscope manufacturers by the end of the nineteenth century.
However, oblique illumination was reconsidered by other re-
searchers in subsequent years and in fact the Hoffman modula-
tion contrast technique can be interpreted as a modified exten-
sion of it [12]. On the other hand, Rayleigh considered that res-
olution is not only limited by diffraction but also by the contrast.
The Rayleigh criterion indicates that two points can be resolved
if the central maximum of the Airy disk produced by a lens lies
over the minimum of the other disk. In such case, the limit of
resolution is given by dR = 0.61λ/NA. The Rayleigh’s resolv-
ing power is less than the Abbe’s criterion however the former
is widely accepted. All the previous limits correspond to lateral
resolution. The Rayleigh criterion along the optical axis (Z-
axis) can be estimated according with dR = 2λn/(NA)2, where n
represents the refraction index. Oblique illumination has the ef-
fect of effectively doubling the numerical aperture by allowing
to transmit the zeroth- and first-order diffracted orders produc-
ing a resolution limit estimation given by doblique = λ/2NA [8].
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Very often the Abbe resolution limit is referred in many text-
books by the expression doblique instead by dA but this is only
valid when the sample was illuminated considering not only
axial light but the full range of angles. For example, using ul-
traviolet LED light (365nm) with an objective 100x (NA=1.25)
and considering oblique illumination, the resolution limit can
be reduced to doblique = 146nm.
Different oblique filter wheels using crescent moon, arrow,
notch and circular (COL) shapes of different sizes have been
generated to be attached replacing the filter holder below the
substage condenser. Such 3D designs can be easily adapted to
other different microscopes. Figure 1 shows a picture of four
different oblique filter wheels used in this paper.
Figure 1: Oblique filter wheels generated with a 3D printer using different
shapes. In wheel (a), filter 1 corresponds to brighfield illumination and fil-
ters 2-5 provide oblique illumination with the best performance both in terms
of sharpness and texture contents. In wheel (c), by inserting small aperture or
notch-shaped the object will be illuminated with a very oblique pencil of light.
In wheel (d) circular apertures are used producing an inverted oblique “hollow-
cone illumination”, i.e. circular oblique lighthing(COL)
There is a lack of a complete theory that provides an explana-
tion for the appearance of the images formed with oblique illu-
mination [8]. A simple and straightforward approach will be to
consider the Abbe’s theory of image formation which states that
the finest details of an object depends on the pattern of diffrac-
tion located at the back focal plane of the objective lens. Fig-
ure 2 presents few illustrative examples of the different diffrac-
tion patterns observed at the back focal plane of the objective
considering different oblique filters. Figure 2b corresponds to
brightfield axial illumination. Figure 2d shows the diffraction
pattern in the case of a notch filter (filter 6 from Figure 1c). Fig-
ure 2f corresponds to circular oblique filter COL (filter 8 from
Figure 1d).
4. Image feature characterization
To effectively study the effect of the oblique illumination, it
is required to objectively quantify the contrast and quality of
the acquired images. In this paper five features were selected




Figure 2: (a) Diatom sample image captured in brightfield microscopy; (b)
Diffraction pattern created by the sample at the back focal plane of the objective.
Note that mainly the zero order spectra is present (c) Diatom sample captured
with oblique light using the notch filter of Figure 1c; (d) Diffraction pattern
created by the sample at the back focal plane of the objective. Note how the
zero order spectra has been displaced to the egde and the high diffraction orders
appear at the other edge [2]; (e) Diatom image sample captured using filter 8
from Figure 1d; (f) Diffraction pattern created by the sample at the back focal
plane of the objective. Note that the high diffraction orders are concentrated
around the edge. Scale bars represent 10µm; λ=442nm.
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and the range filter provide good estimates for the contrast; the
variance of the Laplacian as a measure of sharpness; the Angle
Measure Technique spectrum (AMT) as a measure of texture
complexity and the Anisotropic Quality Index (AQI) as a qual-
ity measure provided by an ideal observer [13, 15–17]. The ra-
tionale behind the selected features is to provide a complemen-
tary set of image indicators although other alternative traits are
possible. The variance of the Laplacian was found particularly
effective as a simple and straightforward autofocus metric [15]
which can be implemented in a real-time system [29].
• Inertia (INE). Inertia or contrast is a statistics ex-
tracted from the gray level co-occurrence matrix P(i, j)
(GLCM) [13] that provides a measure of the second order
statistical texture features. It can be interpreted as a tex-
ture descriptor to measure the intensity contrast between a






(i − j)2P(i, j), (1)
where G is the number of gray levels used, and P rep-
resents the GLCM of the input image I(i, j). A MAT-
LAB toolbox for computing the INE measure is available
from [27]
• Local contrast (LC). Range filtering provides a measure
of local contrast i.e. computes local intensity range in a
neighbourhood around each pixel in an image.
LC = mean(mean(range f ilt(I))). (2)
where rangefilt represents the Matlab function that pro-
vides the local range of an image.
• Variance of Laplacian (VarLAP). The variance of a sec-
ond derivative operator such as the Laplacian was consid-






[L(i, j) − L¯(i, j)]2, (3)
where L(i, j) represents the convolution of the original im-
age I(i, j) with the Laplacian operator LAP:
LAP = 1/6
 0 −1 0−1 4 −10 −1 0
 . (4)
and L¯(i, j) is the mean of absolute values. A MATLAB
toolbox for computing the VarLAP measure is available
from [25].
• Anisotropic quality index (AQI). An important texture fea-
ture is the degree of anisotropy which is directly related
with the degree of coherence [18]. On the other hand, the
variance of the expected directional entropy (anisotropy)
called Anisotropic Quality Index (AQI) has shown to pro-
vide an excellent performance as a no reference quality
measure and therefore as the response of an ideal observer.
AQI ≡ σ(R(θ)), (5)
where R(θ) represents the local pixel-wise directional en-
tropy for the whole image [17]. A MATLAB toolbox for
computing AQI for arbitrary grayscale or color images is
available from [26].
• Angular Measure Technique (AMT) spectrum. AMT was
proposed by R. Andrle as an alternative to fractal analysis
in the context of characterising the complexity of geomor-
phic phenomena [19] and later extended to textured im-
agery [16]. AMT produces a scale-spectrum that will be
useful for characterising texture complexity at all scales
either with fine or coarse structures. In the case of 2D im-
ages, AMT needs to be unfolded to a 1D vector represen-
tation. In order to have a statistically representative mea-
sure a significant number of random points (e.g. M = 100






where θi represents the complementary angle composed
by the connecting lines between such point i and the in-
tersection of the 1D vector representation by a circle with
radius s centred in such point. The measure is based on the
entire set of random points and provides an average angle
or mean angle. An interesting property of the AMT spec-
trum is that it reflects the signal complexity on all possible
scales simultaneously [16]. An ImageJ plugin for comput-
ing the AMT spectrum is available from [24].
5. Results
Oblique light evaluation
In this study 25 different fields of diatoms were selected. For
evaluating the performance of the texture, the five features de-
scribed in the previous section were computed over the above
mentioned 25 fields. Figure 3 gives a quantitative account of the
response of the five previously described features for bright-
field illumination and in the case of the four best performing
OL filters (filters 2-5 from Figure 1a). All of these measures
present different dynamic range, therefore each one has been
normalised by its maximum absolute value along each category.
Note how all the selected OL filters provide a significant im-
provement for all selected indicators, including the response of
an ideal observer given by the AQI measure that has shown an
excellent performance as a no-reference quality measure, pro-
viding a high correlation with Mean Opinion Scores (MOS) of
human observers.
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Figure 3: Local contrast, sharpness, texture complexity and quality measures
corresponding to 25 image frames of diatoms by using BF filter (1) and four
OL filters (2-5) as shown in Figure 1a. Note how the use of OL filters produce
a steady improvement in all feature selected. Bars represent mean values and
error bars standard deviation. λ=442nm.
An additional measure of the degree of improvement ob-
tained by the oblique light is given by the coherence image
representation that can be interpreted as a combined measure
of edgeness and orientation (Figure 4) [20].
Figure 5 presents an example of the use of OL and COL fil-
ters for improving contrast. Figure 5a shows the result of using
a notch-shaped filter (filter 6 from Figure 1c). When the oblique
illumination is oriented along the horizontal direction it allows
to observe the vertical markings (striae) of the Amphipleura pel-
lucida diatom that are separated 250nm (top specimen). The
horizontal markings (striae) which are separated 200nm (bot-
tom specimen) if the oblique illumination is oriented vertically.
Finally, Figure 5b presents an example of images acquired us-
ing a COL-shaped filter (filter 8 from Figure 1d) in the case of
the Navicula lyra specimen. Because COL use a symmetrical
hollow-cone of illumination it does not produce the strong re-
lief found in unsymmetrical OL although in general the later
improves the edges.
Comparison with other microscopic modalities
A first comparative account was performed using the five
feature descriptors described in Section 4. In phase-contrast
microscopy a simple way to produce OL is by slightly mov-
ing the phase-contrast condenser and adjusting the aperture di-
aphragm [8]. Phase contrast microscopy is a suitable technique
for visualising transparent specimens. However it produces
some artefacts (halos and shading off) that limits its usefulness
in some applications. Halos are unresolved images with reverse
contrast and shading-off is a contrast decreasing effect from the
edge of a flat great area specimen (ideally shaped as a plane
parallel plate) towards the center of it [8]. DIC microscopy
is also a popular method for improving contrast of unstained
specimens. DIC is absent of the halo effect found in phase con-
trast microscopy producing pseudo-relief images (but real re-
(a) (b)
(c) (d)
Figure 4: (a) Brigtfield image containing few diatoms; (b) Captured image us-
ing oblique filters; (c) Coherence image corresponding to Fig. 4a; (d) Same for
Fig. 4b. The coherence image represents the degree of anisotropy at each point
in the texture and it can be interpreted as a combined measure of edgeness and
orientation. Scale bars represent 10µm; λ=442nm..
liefs in specimens of constant refractive index) that can be un-
derstood as the derivative of the optical path length defined as
product of the index of refraction times the specimen thickness.
Such derivative is obtained by splitting polarised light into two
beams. DIC images have a somewhat high-pass appearance as
if they have been acquired through highly oblique illumination.
Figure 6a shows a comparative account of the different illumi-
nation modalities for the diatom Pinnularia neomajor, where
the halo effect that can be observed in phase contrast (PH) and
the high-pass effect can be noticed in DIC. Figure 7a presents
a comparative account of the previous diatom image sample
showing that both the oblique light (OL) or the combination of
OL with polarisation provide a better performance for the five
selected image features and simultaneously a better natural ap-
pearance in comparison with the other contrast-oriented modal-
ities (PH and DIC). The overall mean value for the selected
features are 0.79 for OL, 0.51 for DIC and 0.47 for PH. Figure
6b shows a comparative account of the different illumination
modalities for an histological sample (brain autopsy). Figure
7b presents the same comparison for such preparation. In this
case the phase-contrast modality (PH) provides the better per-
formance (mean value=0.93) followed by the other two modal-
ities: OL (mean value=0.81) and DIC (mean value=0.61).
Resolution assessment
A second comparison study has been accomplished by evalu-
ating the resolution improvement provided by the use of oblique
light. The spatial resolution of any imaging system can be
characterized by the impulse response or point spread function
(PSF). However, unlike the situation in fluorescent microscopy
where the PSF is extracted using microbeads, with brightfield




Figure 5: (a) In the diatom Amplipleura pellucida, oblique light illumination
oriented along the horizontal direction allows to observe lateral markings which
are separated 250nm center to center (a1) and illumination oriented along the
vertical direction allows to see the horizontal markings which are separated
200nm (a2). Objective 100× DIN parfocal (1.25 NA); λ = 365nm. (b) Lyrella
lyra diatom observed with brighfield visible light (BF) and COL. Objective
60×, DIN parfocal (0.85 NA); λ = 442nm.
(a)
(b)
Figure 6: (a)Pinnularia neomajor diatom visualized using the following illu-
mination modalities: BF= Brightfield; PH=Phase contrast; DIC=Differential
Interferential Contrast; POL=Polarization; BF arrow=Oblique Light (OL) and
POL arrow=OL combined with polarization; (b) Same as (a) but for a brain




Figure 7: (a) Local contrast (LC); Inertia (INE); Sharpness(VarLAP); texture
complexity (AMT) and quality estimate (AQI) values for different illumination
modalities (diatom sample); (b) Same comparison corresponding to an histo-
logical sample (brain autopsy). λ = 450nm
PSF due to a weak signal contrast and low signal-to noise ra-
tio (SNR) besides the fact that PSF width does not fit well with
human perception [21]. An indirect method of PSF generation
was proposed by Tadrous [22] based on a 3D deconvolution
procedure through the use of a thin sample. A good alterna-
tive to the spatial resolution estimation was proposed by [21]
based on the extraction of a single parameter from an edge or by
the line spread function (LSF) response as the derivative of the
edge response. The LSF can be considered as good approxima-
tion of the PSF in many imaging systems and it is very common
to use the former as a substitute of the later. One of the main
advantages is that the edge response is very simple to measure
using the different commercial resolution targets available. Ta-
ble 1 presents the results of the width of the LSF expressed as
the the edge response to rise from 10% to 90% which provides
the best single parameter measurement for the microscope res-
olution corresponding to the USAF resolution target. The table
includes values for BF illumination and for few of the oblique
filters selected in Figure 1. The resolution of a system allows to
understand how the edges are blurred by the image formation.
Table 1 confirms that the use of oblique illumination provides a
steady resolution improvement for all the filters analyzed.
Table 1: 10% to 90% edge response using brightfield (BF) (filter #1) and differ-
ent oblique light (OL) (filters #2—#8) corresponding to the USAF resolution
target. The units of the distance are given in lp/pixel (i.e. line pairs/pixel). The
Brunel SP30 microscope with 60x objective was used.
Filter #1 #2 #3 #4 #5 #6 #8
lp/pixel 0,005 0,014 0,047 0,047 0,0208 0,02 0,03
6. Discussion and conclusions
Oblique illumination is an old technique that has been de-
scribed by many scientists and microscopists. However, it was
neglected by microscope manufacturers by the end of the nine-
teenth century, although in subsequent years it has been rein-
vented and improved. Oblique lighting is capable to produce
directionally shadowed differential contrast images allowing to
observe phase details in a similar way to differential contrast
images (DIC) but at lower cost. In practice, oblique illumi-
nation is obtained by blocking part of the condenser’s light
through the use of particular patch stops with different shapes.
The main advantage of OL is that the resolution of the light
microscope can be increased by effectively doubling the an-
gular aperture. Different oblique filter wheels were generated
with crescent moon, arrow, notch and circular (COL) shapes
using a 3D printer. A quantitative account of oblique lighting in
brigthfield microscopy was presented. Several feature descrip-
tors were selected for characterising contrast and sharpness of
transparent specimens such as diatom preparations showing that
OL in general provides a similar or even better performance
compared to other modalities (such as PC or DIC) for distin-
guishing details as it has been also confirmed with the use of an
ideal observer.
In relation with the application areas where the use of oblique
illumination will be of interest, two different scenarios can be
distinguished. First, in the case of diatoms (n=1.43) where
a high refractive mounting medium is used (Naphrax, n=1.7)
an extraordinary great difference in refractive index can be ob-
served between the frustules and the preparation media (∆n =
0.27). When Naphrax is used as mounting medium the refrac-
tive index of such mounting exceeds the range (n=1.334-1.518)
of normal media used in the optical design of standard objec-
tives. Therefore, in all common microscopic modalities the im-
age quality will be lower than in standard preparations. OL
will be a simple and cost-effective way to improve the image
quality in such preparations. In other life sciences applica-
tions i.e. when living cells are examined in water or in the
case of cancer or erythrocyte cells observed in a physiologi-
cal medium such as blood plasma such refractive index differ-
ence (∆n = 0.016 − 0.036) is much smaller. The higher such
refractive index difference, the better the contrast will be ob-
tained. In the case of diatom samples both oblique light (OL)
or the combination of OL with polarisation provide a better
performance for the five selected image features and simul-
taneously a better natural appearance in comparison with the
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other contrast-oriented modalities (PH and DIC). However in
the case of the histological sample analyzed (brain autopsy), the
phase-contrast modality (PH) provides the better performance
(mean value=0.93) followed by the other two modalities: OL
(mean value=0.81) and DIC (mean value=0.61). A similar per-
formance to the later case was observed in the case of prepa-
rations with epithelial cells from the oral mucosa. For such
reason, the results from the diatom samples cannot directly be
transferred to other life sciences applications. However, even
in such specific applications, OL is capable of visualizing na-
tive cells better than normal brightfield, what will be very use-
ful when PH or DIC are not available in the microscope setup.
Elsewhere, the use of a LED in the UV range together with a
monochrome camera allow to capture images with higher reso-
lution and therefore to discriminate diatom details that are oth-
erwise undistinguishable with white light. Usual preparations
in life sciences have not been tested with UV light and their
analysis is out of scope of this paper. In summary, OL appears
as a cost-effective technique both for the amateur and profes-
sional scientist that can be used as a replacement of DIC or
phase contrast when resources are scarce. The Standard Tes-
sellation Language (STL) files for 3D printing the oblique filter
wheels used in this paper can be found from [10].
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